Evaluation of Untreated Controls
A large body of control data was available from the three laboratories including the FDA laboratory. Over 260 weekly means were tabulated for control rats from over 30 experiments. These control data were examined for consistency and trends.
-There were no significant differences (p> 0.05) between the acute and subacute studies in the control values of corpora lutea, total implantations, dead implantations, or preimplantation losses. Within a few experiments, the route of administration had an effect on total implantations for control rats; however, this effect was not consistent from experiment to experiment. In two stud--ies-with Holtzman rats, the mean control value over 10 weeks was lower by one im- plantation per female when the control solvent was given intraperitoneally than when it was given by intubation. However, the mean number of dead implantations per female over all weeks was almost identical for the two different routes of administration. Control data were therefore pooled for the different routes of administration and for acute and subacute studies. Figure 1 shows the distribution of control means for the entire set of control data within each laboratory for corpora lutea per pregnant female, when the mean is the average for one week, one experiment. Figure 2 shows the distribution for mean total implantations within each laboratory. These two parameters are normally distributed for each female. The distribution of control means of these two parameters is fairly comparable for the three laboratories. Figures 3 The compounds which are considered questionable positives are listed in Table 1 . These questionable positives are not based simply upon one dose level in one week showing a significant effect, but rather upon an analysis of variance over all weeks in some instances and in other instances upon clustering of significant effects around one or two weeks.
Thirteen compounds generated enough of a response in one of the parameters measured to preclude a statement regarding their safety as determined by the dominantlethal assay. Five compounds from laboratory 2 were in this questionable category and eight from laboratory 3. In both laboratories, the parameter with the greatest number of questionables was preimplanation loss as a result of subacute administration. Second in the order of frequency was the measure of postimplantation loss from subacute Clearly, there is a need for a more refined method of looking at dominant-lethal effects; one which would not give an inordinate number of false negatives or false positives.
From experience, it appears that few, if any, compounds exert their effect in one week only. Therefore, an analysis of variance over specific spermatogenic stages may be the better method, coupled with weekly analysis. For example in the rat, the first 2 weeks could be analyzed, the following 3, the next 3 and the final 2. These reflect periods in which effects on spermatozoa. spermatids, spermatocytes, and spermatogonia, respectively, are manifest (4). This method of analysis could not serve as an adequate protocol for chronic testing because the extended treatment would obliterate the assessment of stage sensitivity. There would be no rationale for the weekly grouping. If the analysis of variance for specific stages is the best method of determining dominant lethality and of limiting the number of questionables, while chronic exposure of animals is the best dosage regimen for safety evaluation, (that is, for substances to which we are chronically exposed), a conflict arises, and the analysis of variance test cannot be employed in what is considered the most statistically powerful and biologically meaningful fashion.
Use of the Analysis of Variance
In an attempt to decrease the incidence of spurious effects at one week only, an analysis of variance was accomplished across all doses and all weeks on 23 compounds. The model used in the analysis was
dose male (dose) weeks weeks X dose
male X weeks (dose) female (dose X weeks X male) Doses and weeks were considered fixed effects; males were considered random effects.
The data for corpora lutea and total implantations per pregnancy are normally distributed and were not transformed. Preimplantation and post-implantation losses per pregnancy were essentially PoissonEnvironmental Health Perspectives distributed and were transformed by using the Freeman-Tukey square-root transformation.
The results of the analysis indicate that the week effect is the greatest source of variation within an experiment. This was true of all four parameters. The week variation was greater for preimplantation losses than for dead implantations, but was significant for both. The need for analysis of the data on an individual week basis, or at least on the separate stages of spermatogenesis, is indicated.
The analysis showed that the variability between males is accounted for by the variability between females mated to the same male. The between male component of variance is essentially zero, indicating that analysis on a per female basis is appropriate, even though the males are the treated experimental unit.
The analysis of variance indicated that the group by week interaction was generally not significant for any parameters, that is, the trend across dose levels was not significantly different from week to week, although it was variable and there were inconsistencies.
The preimplantation losses the mean residual error variance was 1.62 with a range of 0.36-5.85. The increase in the mean preimplantation loss for treatment over control that could be detected as significant at the 5%o level (assuming 20 females per-dose) based on the mean residual variance is 0.9. Across all weeks, the increase in mean-preimplantation losses per female that could be detected as significant (based on 160 females per dose) is 0.3. For dead implants, these differences would be 0.7 for an individual week, and 0.2 across all weeks. As was pointed out before, these figures would vary slightly for different laboratories. The strain of rat would also affect the error variance.
Correlations between Parameters.
Correlations between corpora .lutea and preimplantation losses per female, preimplantation loss and dead implantations, and Preimplantation losses and dead implantations appear not to be correlated. The higher Environmental Health Perspectives (Fig. 8) . The high value for week 1 may indicate decreased viability of the sperm in the male which is being mated for the first time.
The mean total implantations and the mean corpora lutea show no consistent trends with weeks of mating. Although these data might seem to suggest pooling negative controls over weeks and comparing each dose level to the pooled data, this procedure may not be valid, as will be shown later in this communication.
The Preimplantation Problem
The propensity of the test for showing significant preimplantation loss, especially in the earlier weeks, presents another problem. The mean resorption rate is consistent from week to week and from experiment to experiment as shown in Figure 3 . The preimplantation losses (Fig. 4) are more variable in the controls, particularly from week to week in the same experiment. The latter observation may be due to dirnculties in reading corpora lutea. For this reason, the resorptions are a better measure of dominant lethal effects. This observation has been reported before by Epstein et al. (2) . However, it appears that with many compounds, as shown in Table 2 , an effect is seen in preimplantation losses with no corresponding effect on dead implantations. Preimplantation losses may be a more sensitive indicator of toxic activity than dead implants, though more difficult to measure. Investigators familiar with dominant lethal testing acknowledge that preimplanta- When preimplantation loss occurs without concomitant-postimpl-antation loss, certain questions immediately -arise, such as: What are the responsible -events? Do they involve true dominant-lethality, or simply aspermia, or oligospermia?-The-etiology of the preimplantation loss must -be' investigated, before any decision regarding safety evaluation can be made. The experimental procedures necessary to obtain the answers are very tedious, therefore prolonging the decision-making process.
One possible approach to the preimplantation loss problem is to premate males which should eliminate the questionable results in the first week. There-'is-some evidence from statistical evaluation of -males and females in control groups that this problem is due to the males.
Certain results of the analysis of variance may bear on the above problem. For three compounds; there wa-s -.a significant difference-between males-at-weeks 1 and 2 only, in at lea-st one,parameter. The males not having been mated previous to the study, react differently for weeks 1 and 2, particularly week 1, than for the remaining weeks of mating. This may seem to indicate the desirability of premating. However, the significant effects of the test compound seem to be more pronounced in the first two weeks of mating. The virgin male may be more susceptible to the dominant-lethal effect, and premating would mask the effect.
One larger question arises, however, and that is why should virgin males be more sensitive to causing preimplantation losses than experienced breeders. One should therefore be cautious of preimplantation losses in the first week when analysis shows this to be due to male variability. At the same time we cannot totally discount effects in treated groups in the first week, which are highly significant.
The Dose-Response Problem
Another area of concern has to do with the fact that most of the positive effects seem to occur at the lowest dosage level tested. It is generally accepted among pharmacologists that a compound should exhibit a dose response; that is, there is a direct relationship between the dose of a compound and the magnitude or intensity of the response it elicits. This point is especially critical for safety evaluation, as one would expect.
With approximately half of the compounds studied, the most important parameters were not dose-related. When these differences are significant as tested by analysis of variance, they cannot be attributed to individual males or females, because variability between females within a group is taken into account in the analysis of variance. The significance of effects at low or intermediate dose levels compared to controls seems too pronounced in some cases to be ignored.
To illustrate this point, the results obtained for potassium nitrite in the subacute study for preimplantation losses are shown in Table 3 . The results at the low dose level are too far above the ranges of all negative control data to be ignored. The experience with dominant-lethal data is not enough to Environmental Health Perspectives Extrapolation of results is not discussed here. Sufficient models have not been developed, and all relevant problems have not been explored for valid extrapolation of data to lower dose levels. The only investigation in which a model was used employed the probit model for the proportion of females with one or more dead implants in a study on TEPA and METEPA (5) . The authors stated that their model was not a sufficient fit and there were significant departures from the assumed model.
Expansiveness of Dominant-Lethal Data as a Problem
The inordinate amount of time required to examine adequately results from dominantlethal testing is another area of concern. Any system promulgated for safety evaluation should have as one of its primary features a minimum amount of information necessary to accomplish its purpose. We realize that a careful and sometimes laborious examination of data must take place in order to draw meaningful conclusions. There should be, however, a development of better methods of evaluation to reduce the expansiveness of data now required for dominant-lethal testing.
In addition to the above consideration, departures from adequate performance on the part of technical personnel increase the probability of obtaining spurious results. Table 4 is an illustration of possible technical difficulties which influence the pattern of control results. Calcium saccharin shows negative control preimplantation losses which are much smaller than historical controls. We might, therefore, expect significance for the test compound which is entirely due to the low negative control. However, here is a case where the preimplantation losses for every level of the test compound and even the positive control are significantly lower than the historical negative control values. Similar results were obtained for the same compound on the subacute study. Therefore, significant differences between concurrent-controls and.-test groups cannot be completely discounted-be- 
Relationship of Dominant Lethality to Heritable Effects
If the primary focus of our concern in mutagenesis is the threat to future generations, in terms of effects on the gene pool, then the dominant-lethal test has yet another limitation when used for safety evaluation. The test, by definition, measures only death: death in the preimplantation stage and/or in the postimplantation stage. The concern is that there may be ways in which dominant lethality can be induced without producing genetic events with potential transmissibility to live progeny.
It has been pointed out that there is a genetic disease burden in the population (6) . In order to determine whether agents capable of increasing this burden exist at the present time we need systems and approaches capable of detecting such effects. The dominant-lethal system measures such a narrow spectrum of genetic effects (gross chromosomal aberrations manifested as dead implantations) that it is severely limiting in the type of information one can glean from it.
There have been attempts to examine live progeny for cytogenetic abnormalities in order to expand the amount of information that the system provides. To our knowledge, only one group has been successful with this technique (7) . There is a need for more information in this area and for additional approaches which measure genetic effects in progeny.
